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(54) WARPAGE MEASUREMENT METHOD AND DEVICE FOR DISK 

(57)Abstract: 

PROBLEM TO BE SOLVED: To measure the peripheral 
and radial two-dimensional warpage of a disk via a single 

~one--way-position-transdacer-element-by-calcutating-a-disk 

warpage amount on the basis of the radial warpage angle of 
the disk. 

SOLUTION: Spots irradiated to the surface of a disk A 
from an irradiation means B are relatively moved in a radial 
direction on the light reflection surface of the disk A by 
means of a parallel displacement means E, with the disk A 
kept rotating with a rotary means F. Signals for the 
positional change of reflected light due to the radial 
warpage of the disk A, and signals for rotating positions 
from a rotation position read means G are composed by 
use of a signal composing means H. The signals so 
composed are stored in a signal recording means I, and the 
stored signals are computed by an arithmetic processing 
means J. thereby measuring the warpage of the disk A. 
According to this construction, only one unidirectional 
position transducer element is used to find a peripheral 

warpage angle from information regarding the radial warpage. As a result, warpage angles in two 
directions can be concurrently measured in a single operation. 
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(57) [giKJ] 

^Dtt^^^e,, a!l^»i::fett5RS:^|plc9SD^«rg£llL 



-1- 



^tsi^tt^rwrsnj^T^-fXi^ (a) os 
»)jg««a«^-rs^-pa&t>T. wmf^xi^ (a) o 

«-rsBgi4#a (B) taia7^'cx^> (a) coifis;^ 
mmm^m (b) i:ij^stJJt«iffl^g (o ©em 

(D) tnty T^oT. lf}S«a^'^•y K (D) xtita 

IB-r-fX^/ (A) ©Mn*>-75r*V lufBT^-fX^ (A) 

<oi^mAm\ci!Siim\cw-fii^m-r?>^m ce) tas 

xwx^ (A) ^iHie-rs^S (F) i:. ISffiT^-fXi}' 
(A) ©lUlifiHB^R^BlS*© (G) fJEEIfe 
-A®<4H«im^@ (C) RtffII2lHlteffilHM*K»)^ 
© (G) 6^5<D««*. -&^-rS^S (H) lulE^ 
^fig^S (H) -S©I^KWPST?atH 
U KifBi4ffiLfcfe©^IBg-rs#@ (I) a. tuffilB 

SLfc^#*ja»i[ts-r5#s (j) t^wu. ifUBT^ 

-fXi' (A) ^Miaiertto^g (F) T*|iieL**^P,. t8 
SMS**© (B) *»688ffi7'^Xi' (A) O^ffifcfiaS* 

Lfcx:!}?«y timwn^m^m (e) tcio. Mf2 
T'-fXi' (A) <D^sMmTi¥^m^f^icmtmm-i£^tc 

1^©. liiffix-fXi' (A) O¥S*l«iI<D50»J:eHfS 

(G) i3^p><Dsm^^m.-rmm^. mzm^^ 

(H) fcitj^^u. -&fig^©e#*t3iBe^iB 

( I ) icuwu ^wvrcmm^mmmMfm^ 

(A) <OSt>*a!JS-rSS!l^?Jj£t?fe-DT. Iffifl^S 
(I) -CSS«Bii!&Lfc, iJSBf'^Xi' (A) <0 

isemt^M^msm^ti^. tasx-fxi^ (a) ©wa 

L. mimtim^mm^& (j) ©^-ss^^tis-rs 

n+ 1 ms^ismuimf^m^^^it. it-^te^^mif 

gi-eiOA^fc-a^SCilCirsT. taSx-fXi' (a) 

m^mzi jtsittt^wrsRjgT^w'Xi' (a) <or 
»j}g«*3!ii^-rsss-ea6t>T, lasT'-fx^ (a) <o 

S*-r5ijiSS»U— (b) fc. mtET^-^Xi' CA) <D 



(2) 1 0-783 1 0 

©ffiti«r«^ai-r5-^7cttS«lffl^ (c) «:»b. 

ItliBiNSf^U— 9*- (b) i:i(}iB-^fiHB«Hl3g 
? (c) ©ffi?*feB*'@^5nTI/>T^ — 

aXT. ^m^y K (d) t^-T] T'S^T. tuiB^m 
'N-j'K (d) XliiffEx-fX^ (A) «<5in*^— :;jjb^ 
tmr^:^^ (A) ffli|iffi?^l^k:«^*WteTfT^i&1-5 
— ffioriflX^'i'^'' (e) MfSx-rXi^ (A) «r|Hlte 
•rSt-^f (f) iuSxWXt> (A) ©EUSfStH* 

10 ^■riHfl£^vi/x®^^ii*-rsErt&'^;vx«sfes cg) 

(h) i:. Itffifl^JKHK (h) *>e,<D«^i&. 
oi^/T'S^^Ji^l/gE^ (i) tOffilBMILfcfi^^ra 
(A) «l3fB^r-5' (f) -PlHllgU**^?., lulBi|^«» 

u-— If- (b) *^e,iafa7'-<xi^ (A) (om^icmih 

fcX^<j/h;&, tOiB-fSRlftx^'r^f (e) l;:.};*?, M 
20 Ex-fXi' (A) OJtSS*®T-iii^lRjfCti3*gl65-i*- 

itm(o. BufB7^-<x^> (A) co^jig3^ip]«st)iceH-r 
xsi^ii (g) *^e.<Di5|ii£fitH*s-r^i^«:. laEffi^ 

■&J5!clHlK Ch) k:<J:>)^figb. ■&^©m#i&t(JSr-?- 
D^/x5^^;l/^g^ (I) tc«#L. -R^Lfcft^* 
tulB3Vt!i-^r (j) »cJ;t)SI»-rs<ii:tJ:oT. 

ifiEx'fXi' (A) «Et)*iBa^-rsa!i^«a7?*-3 
Lfc. tiJiBx-fx^ (A) (Of*imm(om&iiLm^^. 

ii5fB7'-<xi' (A) <r>pimmm-msicmf^^ 

.fc^T, ttiex-fx^ (A) «^)¥^B&t5ft*fiiejc 
«-56fifiai»cfejtstfJSst)fiTk:a-:yt^T. 

[0001] 

W-X^) . MO (JtK^T^-^Xi') , DVD (.T^'J^Jl^ 
if OJfeRIf ttOSffi^^-r SRfg-r X ^OS 0 «iB!lS 
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(3) 



10-78310 



[0 00 2] 

tVrti. titS^^m^ (Position Sensitive Devic 

e, «T> p s D tv-^^a-A^ass, ) *^-iiafcfflt->^ 
^fitBS^ta^fc <fc o reiffl lts o ft ^Sfffii- s t 

[000 3] 

[SSW*'M9lL J; ^ t-rss®] {itseiW^k:-:^ 

©soft L;!)^aiis-r5<i tifv^-r. i ^©-:^iRite« 



[0 00 4] 

[a®«r»^-rsrci!!)£o#a] ±iBSi« 

75riBii7)-75-(aj (-:^7£) ©SO^SJ^-TSteSfcoTx 

7?lRlOS»?ft^«iaiU i^mLfci|ig7^|6]K»3ft»ca-:5 
S-:3*S-^{ficB-e<D^x -r x <DRS:^riSi©g Oft* 
l^<OS0ft*8[|^-e^5ci:*^(,^aiU *^*^ 
[0 0 0 5] IP^. *^Mt4±eglS*»Si-r5:fcJ6 

a (B) m5rf>(7.^ (A) ©ifig^lRltDSOfca 

;Jl&Ifi®«IHi#g (C) tuffiSSIf^e 
(B) tMESWJt^ttJ^g (C) <0*a«(5ffl*^HS5 

nT^■>T^ (JMTtttil'N-;' K (D) 

f) V^-oX. tuffi«ltB'N-yK (D) XttluEx-fXi' 
(A) <0<gn*^7^*% l9Ex-fX^ (A) Oijig;?!^ 

fcli««»CJFf5^B)-r5#S (E) fc, tfrlET'-fX^ 
(A) ^iHlg-rS^g (F) i:, WlBT'-fX^^ (A) <D 

lHlfefi®*M*ffiS#g (G) i;. a^SM^toiim^ 

(c) &t;tuffii5iite*4«M*?xo^a (o 
om^«r, ^js-rs^g (H) fc, ffjiBS^is^a 

(H) ii^^iomm^. -^<O^HF^(STtttBb. tuffitt 



^aissaa-rs^g cj) i:«:#u 
(.m^m^mnt'^^:&m tmy'^^^ (a) ^tm 
sigg#® (F) TiHi^gLftft'e.. tficsait^g (b) 

A^e.MfBT^'rXi^ (A) iD«StcBSI#Lfc:X4?-y h*. 

tmwn^m^m (e) fj:j;o> sjiBx-fx^^ (a) o 
^ (A) oifiS35riRios»jtegH-rsi3fiBSl*Jt<oti{B 

Sft:*^-r<l^Stf. leIteffiBK*9Jt)^g (G) *>c, 
©illiteffiB«:«-rfi^%. BuEm^fiK*® (H) icJ; 

#u uwLrcm^^ms^mm^m. (j) fc<fcOjg 

»-rs<li:k:J:oT. MfSx-^Xi^ (A) ©SO^SlI^ 
i^Lfc. tSiHx'rxi' (A) cDrtSfflHomffiffiB^-g- 



tv. met^^x^ (A) <Dpimmm-mmicmf?>m. 
20 #® (J) (Dm-msic^^t^mncm-:s^^x. mz 

ttcjc-^T. luffiv^i-x^ (A) (D^^mimJSl.xf^m^^L 
T. ^<^>^^5J^a^^g|^*^e,pg^7^|^gcost)ft*st^l•r 

5<ii*!ttmi:-r57^-rX^«OS0ilS^ (Ji(T. fS 

30 — ^M^V^-P. ) o 

[0 0 0 6] 2. )tSI*1t«WrsraJBx-fXi' (A) 

(A) ®«Sfc5^bTS**:)?iRi*^e. »f-)t*a 
l^»CB8St-rSifi3li«:U— 1f- (b) mS'r^T.^ 
(A) O^|ig75-|SlcDS0»cS-:3<. tuEE«>fe<OIEKIf 

tt«*-c.^Dffin*^tB-rs-^7cfiffi^ai^? (c) * 
tiiE^f*^— If- (b) iiaiE-^^tt 
attain (c) <Dffl«fiHs*'HS*nTi/->T. 

iSofeO [JKT. ^Iffl'N';; F (d) t^^T} X^-oX. 
40 ME«iai^-y K (d) XttlCEx-fXi' (A) O^ein*^ 
— tl}f27*-rXi' (A) «0i^g*|6itffl««tc¥ff 

i»mt^—mim:^'y-<^ Ce) toev'-i-xi^ 
(A) j&iHiii-rs^-^' (f) BuieT^i'Xi' (A) 

©ilI«5fiMi**-riiIg>'<-'l'Xm€*%^^S lHl^^;bX 
(g) i:. t(Jfa-:^?7cffiM«ia^? (c) RtffO 
EIlIfe'<;l'X%^S (g) *>^fl[)m95-. -^^-rsM^ 

^figjsjgg (h) laem^^iHiss (h) 
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5 

T^^-xi^ (A) =&Bui5*-:5' (f) Tmnv^ii^^. m 
m^mwu-^- (b) ^^e-Mffix-r;^^ (A) <omm 

tcfiSWbfcXaH-y i9fE-ttnI»:^^-i'^^ (e) k: 

idsex-i-x^ (A) o3ts«ffi-^i|iS:i?isiii:ffi^f 

i^lS^-e-fc^O. taiB-r-i'X^ (A) <0^tig73l^I©S») 

iafBige/^;vx5l^g (g) *^&©lHi«EttlB*«-rm^ 

liJIBll^fiKlslSS (h) ICJ:>3^^L, -a-^^coffi 
^^tulBT-tD^/x-i'^'^l/^^gS (i) k:«#U « 
#bfc«#j&BulH=ii/kra-^f (j) lcit)ai¥-rsc 
tUi^-oX. 9^=f^7.^ (A) osij^ssis-rssis 
gBT'^B-^T. tSfBT-foy/T^e^^fyl/^^ (i) T- 
Eg*g3{i&L.fc, Wex-fX^ (A) <DrtSffi3©m^ti[ 

ffieUEfjilitU MEX'fXi' (A) ©rtSM^-Sefc 
e^-^r (j) ®m-MBtc?*iS:-r5ffi^k:acJt^T. 

scitioTx tsffi7^-<xi' (A) (D^wimmsn 

S(ftB»c:fettSMfBSHSffi*»^®HB6tT (WTK»?«T 
CO 0 0 7] 

[0 0 0 8] *^<077a&tfS«ti. r^-rs 

[00091 if.^<r>-Hm.t. ^mm- s g^j a u 
T. — :^fiitB«itb^ (— ^^TcPSD) nr—rxonm 

[0 0 10] *%WT'«, ^tSM^^^t^Pim'r^T, 

^ (A) *'ia>e,fffl(,>e,n5o *^Ti±. ^jS-rssa 
(B) ft>e.o^— »f-7t«rB^T'Si*-r5^-e 



(4) ItiaV 1 0-7 83 1 0 

[0 0 1 1] <i<r>=f-<y^^ (A) J:LTli. mtfltffi 
^»cJ;»?S^5n/-c3V/^i^ hxw-x^ (CD) . 1fS 

l';l/7^WX^ (DVD) ^*^W?.n5o jiSWCDX 
liD V D»±. itgiK) 1 2 c Tot^m^m 1 . 2 mmt?^ 

s. 

[0 0 12] ^^t^^sg^^-rsfcSfcoTi^*^ 

(DWIf-Jt^RSW-rSMI*^® (B) 
®-:^itoffiB«^ffi^e (C) 

20 <3>tui2x-<'x^' (A) (o^ws^Kimmicw-'^i^mt 

(E) 

©BuKT^-fXi^ (A) ^iHite-rs^a (f) 

©tSe'r-fX^^ (A) ©0tefijcB*M*^S^g (G) 
®miSM'ft<0^mim^m (C) Rtfl9ISIS€«Hti! 

3s»ii»?^© (G) A>?.c>e^^. -&fiK-r5#g (H) 
5^© ( I ) 

®ssbfcm^*?»»ffls-r«#e (J) 

[0 0 13] WM^m. (B) t;LTt±. aiK«ItU-^f 

Miitf¥«f*u-if- (b) ««^ife.ns. u-if 

^tlSo BffiW#att^ 'f^T.i/ (A) <D«ffi»Cj^LTS 

nXI/^S. M«$tlfc^-1f-Jfeti. x-rX^ (A) « 
ffi»C3tX4?-y h^Jg^-rSo iSi. x-<Xi^ (A) <DSt> 

40 [0 0 14] -fs^^mikm^WL (o a, soiui^^t 

SWDT'-fX^ (A) <D«®fcS!efc:!!g«*nfe)t*\ s 

(A) «ffiiceacu:MS?sn5ai^K43ttss«?t© 

^tt«:*4{>St.©T*j&5. #g (C) it. 

r'-i'X-i' (A) «3Dafi^^U:St>*«&ntf. ^na^{4i: 

ftoT^^ns. *s (c) i:UT»±. 4^*pta««t><o*< 

t-'-rnt.^fflT-^S*'. ffiSeiai^^ (Position Sensi 
JO tive Device) i: LT«aW*, — 55?7cfitB«iai^^ 
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(5) 



^BH¥ 1 0-7 83 1 0 



(c) ijm^^^tl^&o 

COO 1 5] *^WTl±, H3fBMI*#g (B) -^r 

y K (D) ] ^fflt^T, 5ij|»c. jESI*fil«*- 

[0 0 16] (B) ti^m^m (C) i:C9lS*f 

(K) %^{tT. MSt?fc»ca-:y<s«jt«, ies 
fc. S'j:^iRjfc-rs£:t*^ai5i5s. #a ck) tvxn. 

(k) ^ffll^5Ci:*'T'^5o 

[0 0 17] ■^f-?t«^ P4^<:e5K:, EHg-rsx^-x 

(A) IC.^L. (A) <omM^X<Dj£Km 

mivr. '^mttZT^'fy^if (A) cDaij^ToiEs 
[0 0 18] aee^ti. ^^■efe«*j&v>*^ f^-x^^ 

(A) <^>tKSfS*®<0«rt^gI55i-A>C,gir|.^g|5^i-jc|^ 
ttT. 5 0~173^S:ttSJ:dfCt-5O75>^jIfSbt->. ^ 

[0 0 19] 'r^fT.if (A) ®^a?^iRlU:*Biffi^fcTff 
^i!)-r«#S (E) 0£bt><D*^-&StiS. fiP 

±fBxwxi^ (A) li^-r^mfT't^m^-f. ± 
^i^m^yv (D) *«*©|5iig-rs7'-f :^i^©iiig75riRi 

mi^m^y K (D) ti^K-tir-r. lUK-rSx-i-X 
(A) i)\ ^-wijig^iRikiKSj^^a (B) *^e.<73^- 

[0 0 2 0] (E) tVXki. mtf-*fiRliS 

7.=7'<^ (e) C<07.'7^^ 
(e) tLTfi. ^^T'3|»Sk:i6<«»cL;'-cfe«-Si', 

^itb^N-yK (D) f^T^.i^ (A) ©ifigT^lRltc^lil 
^li-Sl'ciifca. ^n^, 2:<D#g (E) »C@SLT. 
SJJ^^fcKK^Jc-rntf.fc^-'L. y'^T.^ (A) 
-rw-X^ (A) <0^^^\c1i^-omi^^ (B) 

t±x ^-rsv^-f x^'iHife^g (F) *c®#a (E) 
[002 1] T'-rx^ (A) «"ia^-rs#g (F) 

mt'e-i'- if) *'ffif&n5, $fcx-<x^ (A) 



tiv #S (F) ±t?^|5it)-a-f, ^-^i-<^)|Hltelc|Rl«B 

® (F) <owiti^m\ci.t. Witim(Dmmti^7'^7.i^ 
(A) tfia^nso^B&i-rsfc*. m^?\ti^mm 

[0 0 2 2] tfc. ^j^-rSlHrtfeffigM^Ut)?© 
(G) X't'^X^ (A) <D[5BEfitS«r«IWrSfcii)fc. 
mtf, #a (F) fc, x-fX^ (A) <Di#g^(^ti:iF 

C©3^X«XU-y h{\f€P3ffi«. xWXi^ (A) ©fi 

(G) i:S^LT. 'r'fXi7 (A) ±©lffiStW*lHrttett 

[0 0 2 3] iiitefeag!»g{t?^a (G) iiLxa. 
(A) ©@g&B*«-riHife/^;i/xffl^:&^^-rsiHife 

m-^mEr^m^t^Lis:i^m^tx\ ^(Diaijm^ 

^^y'^^y^hi.mmm.^m (f) teHjesnfcs^x 
axy<y vii^ni&h^m.3i-^t>^xm^^^m\cttv 

iS. ^Wl (F) icSSSnrcT'^'Xi' (A) <ow^f^<o 
te(ftBK*S?t>#a (G) tLT. a-^fU-xvrj- 

^^«rfflt^fti5i&fca. ±ffiiiiK#@ (F) jcgg^snfc 

(F) *>c,ie^c,^a^ T^-fXi' (A) <D[5igtt> 
CO 0 2 4] lulB^e (C) &tft3S#e (G) *^C.<D 

m^^^mt^^m (H) i:LTi±> ^<^>«%«sflg^w 

(H) fctt, ^m&MM\c^ ^a^i^cDsofceH-rs 
swfitH^ifc^^-rm^i:. #g (G) A^^flDE^tecM 

[0 0 2 5] C<D«fc-5i^-T'^#fSLfc1tSt±. -^JcfS 
ai#@ (I) tCiMStXSo Bi3ffi<i#^«^@ (H) 

^ffiS-rs^S (I) fcUTH:, Ti-uif/^'J^jV^ 

»s (i) *H^-e#.5. 

Co 0 2 6] (J ) ttt, ±a#e ( I ) 

50 #a (G) *»6.<oiHiteffiB^«-r<i^ica^(,^T, 
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(6) 



0-7 8 3 1 0 



10 



zjvea-^r (j) t/^mir^^ti^c 

[0 0 2 7] C®«tLT#e (J) T*#e.nfc7^W'X 

[0 0 2 8] ;^?tc. ±fa*^^®73?**^T'*?>*5l 

[0 0 2 9] W-!f-JtjSj»#@ (B) is^^<D^fmm 
a±lCl±. (K) 3b^^$nT:fct7. ^CO 

x^-r^'f'<^i^mG:^m (f) ft^sttsnxi/^s, 
-^x^ (A) ij^^comiyemti^^m (k) icj;t)Eit2 

V^tajtl'VXT'tJoTtr-ixilbT-r-fXi^ (A) 
rcS«»C*oTfe»?. XWX^^ CA) *'|eIigLTV->*V> 

«^T't±. ^x:r^'yh^mm-r?>m.iciii-oxi^^o 

[0 0 3 0] fiffl^m^S CO iO^Slcti. {1^^ 

#g (H) *^a^w»cSi^«nTv^s. w-if-jtBas* 
#g (B) . -:??iRi<stg«iffi#@ (c) . jscu^mm. 

(K) li, -«:i:*oTTfi=^tt#a (E) t^df 
[00 3 1] ®l£flaiSK*ffiO#® (G) T^-fT-i^ 

iHife^a (F) kiifig^LTis^^n, ^fciggttBM* 
ffit?*© (G) (omtimtm^^^m (h) <da*sp 

tS^Mkig^^tiTV^S. (H) trmm 

umm^mm^m ( i ) *v w^m^mm^m ( n © 
^s»i:t±ia»«M#s (J) ^n^tin^muij^m 

[0 0 3 2] ^»c. wfs«i««!)x-f;^i'©s»?iii3e«B 

[0 0 3 3] 0 1 icfeir^T, *-ru— *f-)tRai*#g 

fcu— if-)t». mm^m (K) ^aisbf^w-xi^ 

2er=arctan 
[0 0 4 1 ] 04 tt, (H) <Df&f^*S-r 

^f-f SV^^-^-hT'feS. -7^(p]fit««lffl?e (C) 

(G) *f»e,ax x-fXi^ (A) ® 1 liI«g«t«Jg/<7l/X 



* (A) fcSlS5S:75-lRl*^^7^-<Xr^ (A) k:MI*^n^o 
JfeSittt^-^fST^wXi' (A) t)^^<DRMimi. )tK 
b*a?>, JtBSiag^S (K) *gT. -*l^«)t(£dl 

(c) tcAS^^tiSo EP-fe, M«jie<o*iita 

[0 0 3 4] x-fXi' (A) ti. -r^xi^Ertg^e 

(B) . -75■|^o{4^i^a^¥g (c) . stfjtiS^K 

#@ (K) it. -Mitintci^iii^y H (D) 
70 T?. Wj»i6#S (E) lcJ:oT, 

i*i:*oT. t'-^x^ (A) <D¥S*rRi<o 

[0 0 3 5] t(}12lHllS»f¥StP^i!ll6f^Jc*t)s U-1f 
-^ta^T.^^htia-oX'f'fT.^ (A) J:(cM?.^n. 

[0 0 3 6] ^^LT, (A) (F) 

IteSHi:**^?.. i^W'N-yK (D) ^T^wX^'JtSWS'O 

[0 0 3 7] Mf2^S^<^F^. ^tficHfDx'rX^ffi 
^cst))b^^<''>®^^^^i^ S2Jc^-rj;-5»c7=-<x^' 

(A) ;&j^b/-cU-if-e-At±. — :?riRiffie«^ad# 
a (c) osjtap^diWitHicA^sn. -^^isottHSito 

[0 0 3 8] — 3^fiiB<D7'-^xi^ffik:Kt>*^*o 

StcS^-rJ:^*^^-^^^^ (A) ^^LrcU— If— If— 

30 Ali. 7ma*>e,^s2 erfctt-rnrsitu — :75rinj 

<SHB«W*® (C) ©SJfeSP'NASfrs, 
[0 0 3 9] c©^. — :??iRiffiP«^ai*© (C) <OS)t 

tTSi:. -75ri^iS)t{SHB«ia^® (C) <Da*«&?i 

0«p. l¥«li:LT— lia:fi^k:fflV-'&4aSEt)ftfi2 flr 

<om^tiit>mmy^}i'^m&ir^ct\i:j^-:>x. 

40 2 0 r**J63 C i: *^T'^ So 
[0040] 

* [^1 ] 

{a/LA+LB} .SI 

[0 0 4 2] -7^i^B«m#eai*<i# i stfurtsfii 

■i!*^iR»3#am:^##2i±. 04 (c) tc^-r{ii<« 

(H) icfco-^fiE^nr, B^tim^2il^ 
So c«{i^^#ga:^3<i^3t±, #^fES#e 

JO [0 0 4 3] m^Es^e ( I ) »cti, mtf 
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11 

©t><D«:m>se:i:*<T'^S. lufBM^ES^^e (i) 
(J) Ic^JM^tiSc 

CO 0 4 4] ^3ii$tifc«^itffit±. aB?.3b^i;i6ass 

[0 0 4 5] — 73. "r-f :^i7(Dml^mic^ifi$,^m 



/2 



[0 0 4 6] CCD r^^^)V7.^s.>y<ommmmt-^^ 

[0 0 4 7] 05li, U-V'~i£~l.tl^'r'f7.'>mS± 

«tC*D. •7''rX^ll5ie*fc:tl<!DaJ|ima{BlR^K * 

S2i =px s i n QrZi 

[00 5 2] 

er2i= (1/2) X a r c t a n 
[0 0 5 3] CCTx na#*««lli!!l T?OS»J©fiSti 

[0 0 5 4] J;»3-||W^»ctt, SCZ&ascs©*?-:?-^"^ 

n 

Tiil=2: SJi 
J=l 

[0 0 5 7] ifeSjijiEO^&^ICfet^-SgDJi*^ S4 T- 
[0 0 5 8] :^tc. ^-o^lS^SiwrSo HBttx-^X 
[0 0 5 9] itagi$S^(n=I. i=l)*^&x-<'X^(^^^>$ 



ns. ?@#^tt^<o*fifai:jc. rt^B!I*^^ 1.2.3, • • 
■^f^ws^as^m (c) *»c.©isa?rttajBg$gu/fc^jig 

[0 0 4 8] T^-^fOaaa. ^S-flSft^oV^TT'^Xt^ 
y'—^Um, ^mM<O^M.Mt^lb 1.2,3,- • • . I i: 

[0 0 4 9] I xhimcO^K>mn'r—^lc^\i^X. ?s# 
n = 1 . 2 . • • • . N RXS i = 1 , 2 , • • • . 



1) tSLTt. Xli. X2i. • . Xni. • • •. X 

20 [0 0 5 0] ^-LT. mmmm^mmi-e<DR*)<om 

<om. (.SM.ff3U:S2itmt) ti, X1i*fflt,''T— ^jS(H 

[005 1] 
C^2] 

^2 

[S3] 

{X2i/(LA+LB)} ^3 

J05Sffi3ti#B<OttBT'#c,tifcXni©filtcJ;t)> ^-^Dfitfi 

[0 0 5 5] (H) Tsai^gaii&bfcxw 



«40 



[0 0 5 6] 
[S4] 



SC4 



JO 



i + 1 ST-©EF^A Lnimimn^e^^mmaO'X^ 

5«0i5lc*a{>&tiSo 
[0 0 6 0] 
[^5] 
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(8) 



J3 



ALni=2nXrnix (o/360) 
[0 06 1] K6] 

rni=rO+pX (n-l + i/I) 
C0062]*:fe> ^Ln\lmm'^imMn<D--^X'^ 

^«l«a;<0 e ^ p jb< r n i t t!5'^T+iJ-K:/>2 t^i^lc 

[0 0 6 3] 07l±, 06 -b*:75-|RlM©;^lSl A^^^fc* 

2 0tni = 2 X a r c t a n ( (Tn(i+1)-Tni) /A Lnl) 



1 0-7 83 1 0 

14 

^5 



[0 0 6 5] ±M<Oiiv\cLr. T'-cX^i^S-^tflr 

[0 0 6 6] *^tt:^«^*S$-r5o 

1. 3fe5**tt^«-r5P3Jg7'-<X^ (A) tDSU}^* 

(B) i:. mZy'-f:^^ (A) <Di<i^i«a<oS 

s-7?i«giftiB«a^e (c) *wu !tj»o. tsissw^ 
® (B) tmiRmimiii^m. (o <Dffi«ffiM*^H^ 

1> (A) <^){5fn*^— 75-*^ tuffiT^-fX^' (A) cDi|iS:& 

masn^ic^i^m-r^^m (e) luiB-T^-rxi^ 

(A) %lHllg-r5#S (F) l9iB'r'(';^i' (A) <0 30 
lirt£flidl%S!»ll5#S (G) fc, luSS«#e-A©ffi 

B«^tB#S (C) Rtftuf2lHlte*ifi^*lS{!?#© (G) 

ii^^<om^^. -^mt^^m (h) me«^-&^# 
a (H) — 3t<D^raHHT?f4mb> wis 

^«:?a^iaii-r5#e (j) t*wu tJEx-rx^' 
(A) ^rtusiute^a (F) T-iHieb**^e>x tusfiait 

(B) ^^SlflCT'-CXi^ (A) <D«ffik:M«UfcX 

:a?-yh«. mm^ff^wi^m (e) fc*i?x mev^-cx 

(A) iJDjfeEStSQ-eiiig^iPitffiit^i&s^fc^®. 40 
mm'f'fy^i^ (A) <Di|ig*iea©5»3k:eH-r5if)S5 

(H) tio^^b. -^^^^Dii^^fje^s^ffis^s 

(A) coso^aa^-rssa^i^jiT'fersT, tmm^m 

S#S (I) T-faS*llft&Lfc, tuST'-rxi' (A) © 



see 

P3^ :^i«g<os 0 ^1 2 tn i »±, 7 

[0 0 6 4] 
[iC7] 

~S7 

^M-rs^^ft^M^tL. tufSx-rXi' (A) (OfHm 

n+lSa^ttSti:l3ttS^{iM*#i6. )b^*^5«lj? 
S±-piD^-&t3-a-S<ii:JcJ:oTv tulBv'-rxi' (A) 
T (WTStJfiTfcfg-r) #it«fitH»c^3tJ5 

[0 0 6 7] 2. #S (B) ©!Sai*)tgS±U:, figltJt 
l±. ■r-^-x^' (A) ©JfeSltttM^feSSffitcMiUcit 

(c) »c^)te#s«»c-r5)t8S^#s (K) *s 

tt. #® (B) . #@ (C) St;#a (K) i}K tulB« 
[0 0 6 8] 3. (G) tUTs Jt^fl^ 

E«©:^o 

[0 0 6 9] 4. JtSWtt^W-rSRJ^X-fXi' (A) 

(A) «D«ffik:?*UTS**:^tRl*^e.. U— 1f-Jt«ra 
)Kttk:Sgji*-r«¥l¥»^— If- (b) tulB-r-fX^^ 
(A) ©i}ig73l^a©St)K:»-:3<. t3f55ltJt<DiESSi 

t4B7b^e.©iBn^«^m-r5-^7ctitB«im^? (c) ^ 

iffiii^ft^U— !f- (b) i:Me-'^7cffi 
Bttffi^^ (c) <D««(ft@*«H5£«nTV^r. -f*« 
itOfe© CJ^-F> ^fi'N-;' F (d) t^^-fi T'^DoT. 
tOIEiKUl'N-J' K (d) XtiiaSx-fX^ (A) ©Mn*^ 

issx-fx^' (A) (o^m^f^icmnmic^ 

^fb-rs-e&plttx^'i'^ (e) tWEx-rXi^ 
(A) «rlslfi-rs^-a' (f) fc. MExW'Xi' (A) 

(g) t.. B9i2-^5?7C<aS«Wlg^ (c) 

mmm^^^m (g) -&^-rsfi^« 

IsIEg (h) msmm^&^m (H) *^e.©«^«r. 
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IS 

(A) ^tus*-^f (f) vmnv^ti^^. Buia* 
— tf- (b) *^?.iuiBx-<;^i}' (A) osskiBg 

«LfcX:d«<yh«, ItrE-ttRTftX^-r^^ (e) tcJ: 
tJx tSEx-rx^ (A) <^))fcSS^BT'i|^S:7^^^^ctg5^;^ 
l&5'*fc:^<0. tGIBv'i'Xi^ (A) (0^m:^f^(DRty\c 

fss-r^im^^coimmit^mtmn&u. 1512121 
«£«^^s (g) *»&<oiH«tefiai*s-rfi^*, MiB 

«^^^|HISS (h) fcJiD^figL. -&filc^©M^*t5IB 
7':^ny/7^i;^f;l.^g (i) Jc«#L. «#Lfc# 

T. iufef^-rx^ (A) ©stJ^Ste-rsai^gM-e^o 
•pt. B5ffi7'-^oi^/7'>':5»;i/^^ (i) r^mm^m 

miy'^T.i/ (A) ®rt^fil!l^— SBt:fet^-;53t 
(j) <om-MBfcm-r51t^tc»-:3v>T. ^2^i 

^^^s•r5^f«^c»r5v^T> + 1 ^s^^atfett 

t -r S -r X <DS 0 MSilSo 
[0 0 7 0] 5. ^mWl^-"^- (b) <0.^3tgS± 

^c^ WMyt^i. T^-rx^ (A) c9jfesWtt®<oss«a 
^\.xm=f (c) k:S3feT*s«i»frstr-Ax:/uy 

(k) ^rn^f. (b) . -:^7rfifflM 

ai«^ (c) ms\f:-L.7.yv y ^ ck) *^ tsmsi 

[007 1] 6. (f) i:LT. x-i-x^i:!^ 

«ILTialg**5S^eXHXy -y hf^^RS*. X 
* t*S<DifiS;?r5l»C¥fT t Lfct- ^f-^ffl 

(g) ;&fflV^T. 7'-<Xi' 

7. (f) i:. o-iry-a:v3-^rt;&ai(^ 
^*5li-TSfT. •r-rXi'|5BgfiirfiS:*ae>s«k:Lfc± 

8. If- (b) <D!Slt3t8S±fc. Ml^Jttt. 

7^-rx^ (A) <D9tmM^m<D^^m^\cmwicmMf 

(c) K:SJtT-$5SHct-5e-i»X:/'<J y^ (k) 



76 



(c) Stfe-Axyu-y^' (k) t)\ luiHSIfii^^fe 

jfii:*ofc:fe©«rffl(,-'T. jb^o. ^r-^f- (f) i:L 
T. T'-fXi'fcl^ffiLTlHlfeS-rSSlSg*^ ■r-fX^>fc 

h'YVtJ'^:/^' (g) «rffll,->T. -r-ZX^Hte 

9. imW\y-^~- (b) ®S^3^±tc. 

(c) k:S3t-e#s«iii:-r5tr-Ax:/u-y^» (k) * 
gtj, (b) . -i^(5tfiMffi«? 

(c) stfif-Ax:/y -y^f (k) *v iwi2«ftg*mfc 



[0 0 7 2] 

t?t±:&v>. *Sfi0!li: LTti. ±S*M[Jgfil8k:ffl^-r5 

[0 0 7 33 08fc3^Lfc«KSOil«*ffll,^T. DVD 
(Digital Video Disc) tOStJ^coSl^^grfrofc, SSfl 
S*aT*5DVDl \(r>^mt^ IZOmmTStJ. ^ 
©7^*S48mm~l 1 6mm«D«5H OtSS^ffi) 

[007 4] tf-3feM*f#ei: bT, 6 7 O n 
30 m. If— A^l mmtcLfeiiiSJ^^L'— 1f-l 2;&ffl 
l/\ DVD 1 1 0^fiS:3?r(RlORt)fc:S-:5< U— IffcT— i» 
SlfJfefDfitl (ffiM) — i^TcffiP S D (Position S 
ensitive Device) 1 3lc<t»3^aiS-a-SJ;5k:bfc. 
[0 0 7 5] *fcDVDlHrtE#e4:LT«v ACt?— 
^r-^fl 4JS-m\ W&\ 2lHieT-D VD«r|lIlte$-<J:T 

^ ^/l/Xm^ 2 I^M^^^^^SBS 1 6 'vA 

-^0 [0 0 7 6] ^Iffi^v K 1 %<OlS,m^m\c\,i^ — 

X^l'^^'l 7*m\ W&\ 2. 7 5min©iift-t?«ai 

l^ttT^ttS^fco <1<D^, DVD±<OU— If— e— A 
ifeS«f'y^pt±t«Jl . 0 6minT?fe»?x DVD<D±®^ 

[0 0 7 7] ^^»c— i^^P S D 1 3 7b>c.ai:tj?nS 
St»<Otia^tym^ 1 lHlg-'^;l'X^^2 hW^MC 
S^^HIKl 6'NA:tlU i5«^%H4 (c) \c^t 

so (A/D) gS^ggl gJCJitsTx 83 3X1 0-6|j>O^ 
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raraRSTtttb L i^iyy) i/^m^ i . 2 k h z ) . 
It. 

[0 0 7 8] a^lclufBiSfi^x-^ftcJ^LT, RK>m'& 

[0 0 7 9] ip^oifsmtfi. is.K>m&\c^\^x. mtb 

[0 0 8 0] 09a. ^g>K:fettSDVD©R^?5riP] 

[008 11 PI0^c:feV^T. SW*^«a!Mit. muh^^w 
mX'tbK>. *fc^aEj^iS5:l±*«J3 2 0 0^t?SS, ffiM^ 

aao. 9 1 -est). tti[«i:siaiifitt*^^<«iSbT 

[0 0 8 2] ^aiffiT-SD^*^-l?aT*«:&l^jt4;iSfC)tt 

[0 0 8 3] 01 014. 09O^^iD^-^. m^S^X 
ffJSiU SJ¥S5T?a651/23^~«i^HOj6SjSi<D» 

lRl152[iiide6], jS!:^l^178[nideg]) S^ftfi 

SIS!Ml«M»i:a<m-r-5J:d HlocDtiHtg 
atiO. 9 6t±*^S, 
[0 0 8 4] Bl 0 2:f^«l(C. Bl 1 aagtOitlE^O 

@1 2tt7/83t^~«^1.S<^>3tS^<D*^*^Lfca^S 
[008 5] 



(10) !t#l8¥ 1 0-783 1 0 

18 

[B 1 ] :^mB<o^^7,if<DS.*:)m&mM<ommmxs> 
s. 

70 [H 2 ] -':&\^wm»mmT^m^^x^^^ms. *>n^ 
[H4] (H) (otm^m-r^'-fs.i/'trm 

[06] ?S#^««lffi|:n±cOitauiSifcfe»tS50fiT 
ni ^^^SiiS^a^-rB-PSS. 
20 [07] S»3ST*^^Ra^|^S»3ft*«i6SJgS*35 

•r0-pa&5<, 

[08] UBIE^IKD DWDOORK) S!l^^S<D^0T'£ 
[09] ^MODVDORHj^ltQSO^IOW-WfiSi:* 

mmt<Dmmmm^^tWL^mx^^o 

[010] 09 ©iSP»&0JCfeV'>T 1 / 2 ^~«i1^^<D 
j6*^©»%iT;*iLfcft^&01fa6S. 

[011] 09iO»P<&0»C^I/->T3/4^~«^H® 
^jS®2*^}T;^bfciSt^&0-e*5. 
iO [01 2] 09©iJc?50k:43V->T7/8^~«^r|.SO 

1 -:)^i^fi[B«ia#SW;bm^ 
3 «^-&«#®ffl:tfm^ 

1 1 DVD 

1 2 »f- 

1 3 — ^JtTcP S D 

1 4 A C1?-— ^d?*-^' 

40 15 7* h-O^'^:/^' 

1 6 fl^^@es 
1 7 -mmsbx^-ffi' 

1 8 ^^ai'N'y K 

1 9 7:^a^/7'5^3»;V/^IS 

2 0 nvtfi— ^ 

(A) RJgT'-i'Xi^ 

(B) u-'if-mm^m. 
(c) -:&itoffiB«ffi^e 

(D) giai'N.yK 

so (E) ¥f^»)#a 
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(F) x-fx^iate^e 

(G) ^mmm^fR'D^m 

(H) m^■tm^& 

(I) n^Efis^a 



(J) mmmm^m 

(K) 



#BB¥ 1 0-783 1 0 

20 
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Cb) ^^^SUBK^m*>^&ti3J3m^2 
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